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(57) ABSTRACT 

A quadrature modulator includes a local oscillator oscillat- 
ing at an oscillation frequency equal to 4/(2N+l) times a 
carrier frequency where N is a natural number, a frequency 
conversion block for multiplying the oscillation frequency 
by a factor of (2N+l)/2, a divider for dividing the multiplied 
oscillation frequency to output a pair of orthogonal carrier 
waves, first and second multipliers for modulating the car- 
rier waves with a digital baseband signal, and an adder for 
adding the modulated carrier waves to output a carrier signal 
having the carrier frequency. The frequency conversion 
block includes a divider for dividing the oscillation fre- 
quency, N frequency mixers cascaded from one another and 
a band-pass-filter, which are cascaded in this order. 
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QUADRATURE MODULATOR 

BACKGROUND OF THE INVENTION 
[0001] (a) Field of the Invention 

[0002] The present invention relates to a quadrature modu- 
lator and, more particularly to a quadrature modulator which 
performs modulation of quadrature (orthogonal) carrier 
waves with a digital baseband signal to deliver an output 
digital carrier signal. The present invention also relates to a- 
method for quadrature-modulating carrier waves with a 
digital baseband signal. , 

[0003] (b) Description of the Related Art 

[0004] In a wireless transmitter block of a digital cellular 
phone, for example, orthogonal carrier waves each having a 
frequency equal to the frequency of the output digital carrier 
signal are quadrature-modulated with a digital baseband 
signal which includes information to be transmitted. The 
modulated carrier waves are then added together to generate 
the output digital carrier signal, and transmitted through a 
transmission antenna. This scheme of quadrature modula- 
tion is suitable for simplification of the communication 
system and for reduction of noise in the transmitted carrier 
signal. 

[0005] FIG. 1 shows a fundamental structure of a con- 
ventional quadrature modulator, wherein the output fre- 
quency from a local oscillator 400 is exactly equal to the 
frequency of the output digital carrier signal delivered from 
the modulation block 200. This causes affection of the local 
oscillator 400 by the output carrier signal fed back through 
the transmission antenna to degrade the modulation accu- 
racy. Thus, a metallic shield is generally provided for 
encircling the quadrature modulator as a whole. 

[0006] FIG. 2 shows another quadrature modulator, 
wherein the above problem is solved by the difference 
between the oscillation frequencies of a pair of local oscil- 
lators 401 and 501 and the frequency of the output carrier 
signal. However, since the frequency mixer 600 has a 
non-linearity, a plurality of harmonics (harmonic signals) of 
the oscillation frequencies of the local oscillators 401 and 
501 are generated during the frequency conversion by the 
frequency mixer 600. The harmonics, also subjected to 
frequency conversion, generate spurious signals in the vicin- 
ity of the output carrier signal. 

[0007] As a practical example of the frequencies used in 
mobile stations of personal digital cellular (PDC) system 
prescribed in the standards of cellular phones in Japan, the 
output frequencies of the local oscillators 401 and 501 are 
135 and 795 MHz, respectively. In this case, the frequency 
of the output digital carrier signal is 930 MHz. The frequen- 
cies of spurious signals occurring in the most vicinity of the 
frequency 930 MHz of the output carrier signal are 945 MHz 
and 915 MHz. The frequency 945 MHz is seventh-order 
harmonic of 135 MHz, and the frequency 915 MHz is a 
frequency difference between the second-order harmonic of 
795 MHz and the fifth-order harmonic of 135 MHz. 

[0008] These spurious signals occur within or in the 
vicinity of the band of the output digital carrier signal, and 
are difficult to remove by using filters, acting as interference 
waves against the adjacent transmission channels or other 
communication systems. 



[0009] FIG. 3 shows another quadrature modulator 
described in Patent Publication JP-A-10-4437, which solves 
the above problem in the quadrature modulator of FIG. 2. 
The quadrature modulator of FIG. 3 includes a local oscil- 
lator 402 for oscillating at a specified frequency, a first 
^-frequency-divider 310 for dividing the output frequency 
of the local oscillator 402 by a factor of two, a second 
H-frequency-divider 350 cascaded from the first H-fre- 
quency-divider 310 for dividing the output frequency 
thereof by a factor of two, a frequency mixer 320 for 
frequency conversion using the output frequencies of second 
VS-frequency-divider 350 and the local oscillator 402, a 
band-pass-filter (UPF) 330 for removing the image signal 
from the output of the frequency mixer 320, a frequency- 
multiplier (doubler) 250 for doubling the output of the BPF 
330, a third V^-frequency-divider 240 for dividing and phase - 
shifting the output from the BPF 330 to output a pair of 
orthogonal carrier waves having a phase difference of 90 
degrees therebetween, first and second multipliers 210 and 
220 for modulating the carrier waves with a baseband signal 
generated by a digital signal generator 101, and an adder 230 
for adding the outputs of the first and second multipliers 210 
and 220 to generate an output digital carrier signal. 

[0010] In operation, the first frequency divider 310 divides 
the output oscillation frequency from the local oscillator 402 
by a factor of two, and the second frequency divider 350 
divides the output of the first frequency divider 310 by a 
factor of two to deliver its output to the frequency mixer 320. 
The frequency mixer 320 acts for frequency conversion by 
using the output frequencies from the local oscillator 402 
and the second frequency divider 350. 

[0011] FIG. 4 shows an example of the frequency mixer, 
which is implemented by a so-called double-balanced mixer. 
The input signals are supplied to both the input terminals 
V and V^, whereas the input terminals and V in2b are 
grounded through a capacitor, or may be applied with the 
inverted input signals. 

[0012] Assuming that the outputs from the local oscillator 
402 and the second frequency divider 350 are expressed by 
V^inc^t and VjStaio^Ji/^, respectively, the output LO(t) 
of the frequency mixer 320 is expressed as LO follows: 



LO[t) = V H sinaw x V L iin{o> MC tfA) 

= -d / 2) ■ V L V*cos(ow + «W /4)r 4- 

a -(l/2).\^V w cos(56> wc f/4) + 
U/2)-V L V H cos(3fcW/4), 



[0013] wherein the gain of the double-balanced mixer is 
assumed at "1" for the prupose of simplificaion. 

[0014] That is, a pair of angular frequency components 
5co oso /4 and (0 O8O /4 are generated therein. 

[0015] Assuming that the output digital carrier signal has 
a frequency of 930 MHz, as in the case of the quadrature 
modulator of FIG. 2, the local oscillator 402 delivers an 
output frequency of 1240 MHz to the first frequency divider 
310. The first frequency divider 310 delivers an output 
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frequency of 620 MHz to the second frequency divider 350, 
which delivers an output frequency of 310 MHz. The 
frequency mixer 320 delivers a signal having frequency 
components of 930 MHz and 1550 MHz based on the output 
frequency of 1240 MHz from the local oscillator 402 and the 
output frequency of 310 MHz from the second frequency 
divider 350. In this case, the difference between the fre- 
quency (3u) oso /4: 930 MHz) of the carrier wave and the 
frequency (5co os< /4: 1550 MHz) of the image signal is 620 
MHz. 

[0016] The BPF 330 removes the image signal having the 
frequency component of 1550 MHz, passes the carrier 
frequency component of 930 MHz. The frequency doubler 
250 then doubles the output from the BPF 330 to deliver an 
output frequency of 1860 MHz. The third frequency divider 
240 then divides and shifts in phase the output from the 
frequency doubler 250 to deliver a pair of carrier waves 
having a frequency of 930 and a phase difference of 90 
degrees therebetween. The first and second multipliers 210 
and 220 modulates the carrier waves with the digital base- 
band signal output from the digital signal generator 101 to 
output modulated signals, which are added in the adder 230 
to be delivered as an output digital carrier signal. The 
frequency of each block in the quadrature modulator of FIG. 
3 is shown in FIG. 5 in terms of the output frequency f osc 
of the local oscillator 402. 

[0017] In the quadrature modulator of FIG. 3, the output 
digital carrier signal has a frequency of 3f oso /4 which is 
different from the output frequency f OBO of the local oscilla- 
tor. This prevents degradation of the modulation accuracy, 
which is encountered due to the affection by the feed-back 
of the output carrier signal through the transmission antenna 
in the quadrature modulator of FIG. 2. 

[0018] Spurious signals may be generated in the frequency 
mixer 320 as harmonics of the signal having a l /4-divided 
frequency of the output frequency of the local oscillator 402 
due to the non-linearity of the frequency mixer 320. How- 
ever, these spurious signals do not act as interference waves 
against the output carrier signal because the spurious signal 
among these spurious signals which has a frequency in the 
vicinity of the carrier frequency has a frequency equal to the 
carrier frequency itself. 

[0019] The quadrature modulator of FIG. 3, however, has 
the drawback of a complicated structure including a large 
number of constituent elements therein. For example, the 
frequency doubler 250 is provided for the third H-fre- 
quency-divider 240 which delivers a pair of orthogonal 
carrier waves while dividing the input thereof by a factor of 
two, The frequency doubler 250 implemented by the double- 
balanced mixer shown in FIG. 4 receives the output from 
the BPF 330 through two input terminals and V^. For 
the double-balanced mixer receiving the same frequency 
signal through the two inputs, a d.c.-blocking capacitor 
should be provided for suppression of a d.c. offset voltage 
which occurs based on the phase difference between the two 
input terminals. In addition, as shown in FIG. 3, there are 
three Vi-frequency -dividers. The complicated structure 
increases the dimensions of the IC pellet. 

[0020] The quadrature modulator of FIG. 3 has another 
drawback in connection with the BPF 330. Specifically, the 
BPF 330 cascaded between the frequency mixer 320 and the 
frequency doubler 250 is generally disposed outside the chip 



of the IC. The input frequency of the frequency doubler 250 
is equal to the frequency of the output carrier signal deliv- 
ered through the transmission antenna as shown in FIG. 5. 
Thus, the carrier signal is fed back through the transmission 
antenna to the input of the frequency doubler 250 to make 
the phases of the orthogonal carrier waves unstable, thereby 
degrading the modulation accuracy. 

[0021] Those problems of the quadrature modulator of 
FIG. 3 are more noticeable in the cellular phones which 
have extremely smaller dimensions. 

SUMMARY OF THE INVENTION 
[0022] In view of the above problems in the conventional 
techniques, it is an object of the present invention to provide 
a quadrature modulator having a simplified structure and 
smaller dimensions, and capable of suppression of the 
degradation caused by the feed-back of the output carrier 
signal as encountered in the conventional quadrature modu- 
lators. 

[0023] The present invention provides a quadrature modu^ 
lator including a local oscillator for oscillating at an oscil- 
lation frequency equal to 4/(2N+l) times a carrier frequency 
where N is a natural number, a frequency conversion block 
for multiplying the oscillation frequency by a factor of 
(2N+l)/2, a first frequency divider to divide an output from 
the frequency conversion block by a factor of two to output / 
a pair of carrier waves having therebetween a phase differ- 
ence of 90 degrees, first and second multipliers for modu- 
lating the carrier waves with a digital baseband signal to 
output a pair of modulated signals, and an adder for adding 
the modulated signals together to output a digital carrier 
signal having the carrier frequency. 

[0024] In accordance with the present invention, the struc- 
ture of the quadrature modulator is simplified and the 
feed-back of the output carrier signal does not affect the 
modulation accuracy, thereby generating a carrier signal 
having an accurate carrier frequency substantially without 
generating interference waves against the adjacent fre- 
quency band. 

[0025] In the present invention where "N" is equal to "1", 
the frequency conversion block preferably includes a second 
frequency divider for dividing the oscillation frequency by 
a factor of two to generate a divided frequency, a frequency 
mixer for mixing outputs from the local oscillator and the 
frequency to generate a first signal having a frequency equal 
to a sum of the oscillation frequency and the divided 
frequency. 

[0026] In the present invention where N is equal to or 
more than "2", the frequency conversion block preferably 
includes a second frequency divider for dividing the oscil- 
lation frequency by a factor of two to output another divided 
frequency, N frequency mixers cascaded from one another 
for mixing the oscillation frequency and the divided fre- 
quency or an output from a preceding one of the frequency 
mixers to output a first signal having a frequency equal to a 
sum of the oscillation frequency and the divided frequency 
or a frequency of another first signal output from the 
preceding one of the frequency mixers. 

[0027] The above and other objects, features and advan- 
tages of the present invention will be more apparent from the 
following description, referring to the accompanying draw- 
ings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a block diagram of a conventional 
quadrature modulator. 

[0029] FIG. 2 is a block diagram of another conventional 
quadrature modulator. 

[0030] FIG. 3 is a block diagram of another conventional 
quadrature modulator. 

[0031] FIG. 4 is a circuit diagram of the frequency dou- 
bler shown in FIG. 3 and implemented by a double-balanced 
mixer. 

[0032] FIG. 5 is a block diagram for illustrating the 
frequency of the output of each component shown in FIG. 
3. 

[0033] FIG. 6 is a block diagram of a quadrature modu- 
lator according to a first embodiment of the present inven- 
tion. 

[0034] FIG. 7 is a block diagram for illustrating the 
frequency of the output of each component shown in FIG. 
6. 

[0035] FIG. 8 is a block diagram of a quadrature modu- 
lator according to a second embodiment of the present 
invention. 

[0036] FIG. 9 is a circuit diagram of one of the frequency 
mixers shown in FIG. 8. 

[0037] FIG. 10 is a block diagram for illustrating the 
frequency of the output of each component shown in FIG. 
8. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0038] Now, the present invention is more specifically 
described with reference to accompanying drawings, 
wherein similar constituent elements are designated by 
similar reference numerals. 

[0039] Referring to FIG. 6, a quadrature modulator 
according to a first embodiment of the present invention is 
an example wherein the natural number N defined in the 
present invention is selected at "1". The quadrature modu- 
lator of the present embodiment includes a quadrature 
modulation block 20 and a frequency conversion block 30, 
and operates based on an output frequency generated by a 
local oscillator 40 to modulate orthogonal carrier waves with 
a baseband signal output from a digital signal generator 10 
and deliver an output digital carrier signal. The local oscil- 
lator 40 oscillates at an oscillation frequency f osc equal to A A 
of the frequency (carrier frequency) of the output carrier 
signal. The frequency conversion block 30 multiplies the 
oscillation frequency f osc into Vi thereof. 

[0040] The quadrature modulation block 20 includes a first 
frequency divider (V^-firequency-divider) 24 for dividing the 
output frequency of the frequency conversion block 30 by a 
factor of two to deliver orthogonal carrier waves, first and 
second multipliers 21 and 22 for modulating the orthogonal 
carrier waves with the baseband signal from the digital 
signal generator 10, and an adder 23 for adding the outputs 
from the first and second multipliers 21 and 22 to output the 
digital carrier signal. 



[0041] The frequency conversion block 30 includes a 
second frequency divider (Vi-frequency-divider) 31 for 
dividing the oscillation frequency f osc by a factor of two, a 
frequency mixer 32 for operating for frequency conversion 
based on the outputs from the second frequency divider 31 
and the local oscillator 40 to generate a frequency compo- 
nent equal to the sum of the output frequency f oso /2 of the' 
frequency divider 31 and the output frequency of the 
local oscillator 40 as well as an image signal component, and 
a BPF 33 for removing the image signal component from the 
output from the frequency mixer 32 to pass the carrier 
frequency component. 

[0042] In operation, the output frequency f oso of the local 
oscillator 40 is divided by the second frequency divider 31 
into f m J2. The frequency mixer 32 operates for signal 
conversion based on the output frequency f os J2 of the 
frequency divider 31 and the output frequency f osc of the 
local oscillator 40. The frequency mixer 32 is implemented 
by a known double-balanced mixer such as shown in FIG: 
4. 

[0043] Assuming that the output waveforms from the local 
oscillator and the first H-frequency -divider 31 are expressed 
by: 

VHsinw^t and V t jia{to aM lf2) t 
[0044] respectively (where co osc _2jtf osc ), the output LO^t)/ 
of the frequency mixer 32 is expressed as follows: 



LOi it) = VHsimo^t X V/,siii(<W/2) 

= -d /2) ■ V^cosffcw + aw /2)t + 

(1 /2) ■ V L V w cos(aw - aw/2)/ 
= -(V L V w /2)- cos(3aw/2) + 

(V£.V„/2) -«>s(awr/2), 



[0045] wherein the gain of the double-balanced mixer is 
assumed at "1" for the purpose of simplification 

[0046] That is, the output from the frequency mixer 32 
includes the angular frequency components of 3(0^2 and 
oo^c/2, the latter being the image signal component. 

[0047] Assuming that the frequency of the output digital 
carrier signal is 930 MHz, as in the case of the conventional 
quadrature modulator, the local oscillator 40 outputs an 
oscillation frequency of 1240 MHz to the second frequency 
divider 31. 

[0048] The output frequency 620 MHz from the second 
frequency divider 31 and the output frequency 1240 MHz 
from the local oscillator 40 generates frequency components 
of 1860 MHz and 620 MHz in the output from the frequency 
mixer 32. Thus, the difference in the frequency between the 
carrier wave and the image signal is 1240 MHz in the output 
from the frequency mixer 32. The BPF 33 removes the 
image signal component of 620 MHz to pass the signal 
component of 1860 MHZ, which is double the frequency of 
the carrier wave. /The first frequency divider 24 divides the 
input thereof by a factor of two to output orthogonal carrier 
waves having a frequency of 930 MHz. 

[0049] The first frequency divider 24 includes a D-type 
flip-flop acting as a 90° phase shifter. The D-type flip-flop is 
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widely used as the 90° phase shifter because it delivers a 
master output signal and a slave output signal having 
therebetween an accurate phase difference of 90 degrees, 
provided that the clock signal and the inverted clock signal 
received in the D-type flip-flop have a duty ratio equal to 
50%. Due to this characteristic of the D-type flip-flop, 
accurate orthogonal carrier waves are obtained as the output 
of the first ^-frequency-divider 24, 

[0050] The first and second multipliers 21 and 22 modu- 
late the orthogonal carrier waves with the baseband signal 
output from the digital signal generator 10. The adder 23 
adds both the outputs from the first and second multipliers 
21 and 22 to deliver the output digital carrier signal. 

[0051] Referring to FIG. 7> there is shown frequency of 
the output of each constituent elements in the quadrature 
modulator of FIG. 6. The output frequency f osc from the 
local oscillator 40 is divided by the frequency divider 31 by 
a factor of two. The frequency mixer 32 generates an output 
signal having frequency components of i oa J2 and 3f osc /2 by 
addition and subtraction of the input frequencies. The fre 7 
quency component 3f oso /2 is passed through the BPF 33 and 
divided by the first frequency divider into 3f oso /4. Thus, 
orthogonal carrier waves having a frequency of 3f osc /4 are 
obtained. The carrier frequency (34 RO /4) which is different 
from the oscillation frequency (f osc ) does not affect the 
oscillation frequency in the case of feedback of the output 
digital carrier signal. ; 

[0052] The non-linearity of the frequency mixer 32 may/ 
generate spurious signals by frequency conversion of a 
plurality of harmonics of the oscillation frequency and the 
frequency divided therefrom into Yz, However, the spurious > 
signal among these spurious signals re-siding in the vicinity 
of the carrier frequency has a frequency equal to the carrier, 
frequency. Thus, signal interference does not occur between 
the spurious signals and the carrier signal, whereby the 
feedback of the output carrier signal through the transmis-- 
sion antenna does not degrade the modulation accuracy. 

[0053] In addition, two Vi-frequency-dividers 24 and 31 
are sufficient for the quadrature modulator. Further, since the; 
output frequency from the frequency conversion block 30 is 
double the frequency of the output digital carrier signal, an, 
additional frequency doubler is not needed. This fact also ■ / 
obviates provision of the d.c.-blocking capacitor. Thus, the 
dimensions of the IC pellet can be reduced. 

[0054] Referring to FIG. 8, a quadrature modulator 
according to a second embodiment of the present invention 
is similar to the first embodiment except for the natural 
number N in the present embodiment, which is selected at 
"2", and an additional (second) frequency mixer 34 provided 
in the frequency conversion block 30a of the present 
embodiment. 

[0055] In the present embodiment, the local oscillator 70 
oscillates at an oscillation frequency of V$ of the output 
digital carrier signal, and the frequency conversion block 
30a multiplies the oscillation frequency by Vi. 

[0056] The frequency conversion block 30a includes a 
second Vi-frequency-divider 31, a first frequency mixer 32 
for receiving the outputs from the local oscillator 70 and the 
second V£-frequency-divider 31, a second frequency mixer 
34 for receiving the outputs from the local oscillator 70 and 
the first frequency mixer 32, and a BPF 33 which are 
cascaded in this order. 



[0057] The first frequency mixer 32 outputs a signal 
having angular frequency components of 3co oso /2 and co oso /2, 
as in the case of the first embodiment. 

[0058] Referring to FIG. 9, the second frequency mixer 34 , 
in FIG. 8 is implemented by a double-balanced mixer. The 
double-balanced mixer of FIG. 9 includes a first (in input 
side) differential transistor pair Ql and Q2 each having an 
emitter connected to the ground through a current source I : 
or I 2 , a second differential transistor pair Q3 and Q4 having 
coupled emitters connected to the collector of transistor Ql 
of the first differential transistor pair, and a third differential 
transistor pair Q5 and Q6 having coupled emitters connected 
to the collector of transistor Q2 of the first differential 
transistor pair. 

[0059] The emitters of transistors Ql and Q2 of the first 
differential transistor pair are connected together through a 
capacitor CI. This configuration is similar to the double- ^ 
balanced mixer of FIG. 4 except for the configuration 
wherein the emitters of the transistors Ql and Q2 in FIG. 4 
are connected together through a resistor R3. The terminals 
V inlb and V in2b are grounded via a capacitor, or may be 
applied with inverted signals of the signals applied through 
the terminals V- ml and V in2 , respectively. 

[0060] In the double-balanced mixer of FIG. 9, the first 
transistor pair Ql and Q2 assumes a smaller trans-conduc- 
tance in a lower frequency region, and larger trans-conduc- 
tance in a higher frequency region. In view is of this fact, it 
is designed that the output from the first frequency mixer 32 
is input to the input terminal for the first differential 
transistor pair, and the output from the local oscillator 70 is 
input to the input terminal for the second and third 
differential transistor pairs. By this configuration, the higher 
frequency component 3co oso /2 in the output from the first 
frequency mixer 32 which is obtained by addition of both the 
input frequencies thereof can be subjected to frequency 
conversion in the second frequency mixer 34 with a higher 
gain compared to the lower frequency component co oso /2 of 
the output in the first frequency mixer 32. 

[0061] Assuming that the lower frequency component 
w oso/2 of the first frequency mixer 32 is negligible and the 
outputs from the local oscillator 70 and the first frequency 
mixer 32 are expressed by: 

V H sint») 0 . c t and V L sin (3(0^1/2), 

[0062] respectively, the output L0 2 (t) of the second fre- 
quency mixer 34 is expressed as follows: 

L0 2 (0 = Vh sinfcW x Vtfiitia)^ tf 2 

= -d /2) • V L V„ cos(aw + 3a> me /2)t + 

(1/2). V^cos^ -3aw/2)/ 
= -(l/2).V t ^cos(5^f/2) + 

(l/2)-V L V w cos(-aw/2) 
= -(l/2).ViV H co 5 (5 WoK f/2)-»- 

(l/2).V L V w cos(aw/2) 

[0063] wherein the gain of the double balanced mixer is 
assumed "1" for the purpose of simplification. 
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[0064] That is, the output from the second frequency 
mixer 34 includes the angular frequency components of 
5(» 0 J2 and w osc/ 2. 

[0065] The BPF 33 removes the image signal component 
of a) ofic/ 2 to output a signal component of 5(o os< /2, which is 
double the carrier frequency, to the first frequency divider 
24. The operations of the first frequency-divider 24 and the 
succeeding stages are similar to those in the first embodi- 
ment. The frequency of each stage is shown in FIG. 10. 

[0066] In FIG. 10, the output frequency from the local 
oscillator 70 is divided by the second frequency divider 31 
into f osc /2, and the first frequency mixer 32 outputs the 
summed frequency (3f oso /2) and the difference frequency 
(f OBO /2) of the input frequencies f OBO and 4 RO /2. The second 
frequency mixer 34 outputs the sum (5f osc /2) and difference 
(f OBO /2 ) of the input frequencies f oso and 3f oso /2. The BPF 33 
of the frequency conversion block 30 passes the frequency 
component 5f oso /2, which is divided by the first frequency 
divider 24 into 5f oso /4. Thus, the carrier frequency is 5f os< /4 
and different from the output frequency f oso of the focal 
oscillator 70, whereby the feedback of the output digital 
carrier signal does not degrade the modulation accuracy. 

[0067] In the second embodiment, as in the case of the first 
embodiment, the spurious signal among the spurious signals 
which has a frequeacy component in the vicinity of the 
carrier frequency has a frequency equal to the carrier fre- 
quency itself. Thus, the spurious signals do not act as 
interference waves against the oscillation frequency f osc . 

[0068] In addition, the second embodiment has the advan- 
tage of smaller dimensions of IC pellet because a d.c- 
blocking capacitor is not needed, and there are only two 
H-frequency-dividers needed. Further, the feed-back of the 
output carrier signal through the antenna does not degrade 
the modulation frequency. 

[0069] Since the above embodiments are described only 
for examples, the present invention is not limited to the 
above embodiments and various modifications or alterations 
can be easily made therefrom by those skilled in the art 
without departing from the scope of the present invention. 

[0070] For example, the quadrature modulator of the 
present invention ca be implemented by a software. 

What is claimed is: 

1. A quadrature modulator comprising a local oscillator 
for oscillating at an oscillation frequency equal to 4/(2N+l) 
times a carrier frequency where N is a natural number, a 
frequency conversion block for multiplying said oscillation 
frequency by a factor of (2N+l)/2, a first frequency divider 
to divide an output from said frequency conversion block by 



a factor of two to output a pair of carrier waves having 
therebetween a phase difference of 90 degrees, first and 
second multipliers for modulating said carrier waves with a 
digital baseband signal to output a pair of modulated signals, 
and an adder for adding said modulated signals together to 
output a digital carrier signal having said carrier frequency. 

2. The quadrature modulator as defined in claim 1, 
wherein said N is equal to "1", and said frequency conver- 
sion block includes a second frequency divider for dividing 
said oscillation frequency by a factor of two to generate a 
divided frequency, a frequency mixer for mixing outputs 
from said local oscillator and said frequency divider to 
generate a first signal having a frequency equal to a sum of 
said oscillation frequency and said divided frequency. 

3. The quadrature modulator as defined in claim 2, 
wherein said frequency conversion block further includes a 
band-pass-filter (BPF) for removing an image signal from 
said first signal. 

4. The quadrature modulator as defined in claim 2, 
wherein said frequency mixer is a double-balanced mixer. 

5. The quadrature modulator as defined in claim 1, 
wherein said N is equal to or more than "2", and said 
frequency conversion block includes a second frequency 
divider for dividing said oscillation frequency by a factor of 
two to output a divided frequency, N frequency mixers 
cascaded from one another for mixing said oscillation fre- 
quency and said divided frequency or an output from a 
preceding one of said frequency mixers to output a first 
signal having a frequency equal to a sum of said oscillation 
frequency and said divided frequency or a frequency of 
another first signal output from said preceding one of said 
frequency mixers. 

6. The quadrature modulator as defined in claim 5, 
wherein said frequency conversion block further includes a 
BPF cascaded from an N-th one of said frequency mixers to 
remove an image signal from said first signal from said N-th 
one of said frequency mixers. 

7. The quadrature modulator as defined in claim 5, 
wherein each of said frequency mixers is a double-balanced 
mixer. 

8. A method comprising the steps of generating a oscil- 
lation frequency equal to 4/(2N+l) times a carrier frequency 
where N is a natural number, multiplying said oscillation 
frequency by a factor of (2N+l)/2, dividing said multiplied 
oscillation frequency by a factor of two to generate a pair of 
orthogonal carrier waves having said carrier frequency, 
modulating said orthogonal carrier waves with a digital 
baseband signal to output a carrier signal having said carrier 
frequency. 

* ♦ * * * 
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